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Our data imply that the virus also infects and actively
replicates in the small intestines, which is consistent
with previous studies.’ The origin of infection in the
intestines could be blood-borne, which is lent support by
previous studies isolating live HSN1 virus from the
serum® and plasma® However,. ingestion of infected
respiratory secretion cannot be excluded as a possible
route ofinfection, since H5N1 influenza viruses maintain
sialidasé activity despite'the low pH in the upper digestive

" tract.* Although in-situ hybridisation, NASBA, and
_RTPCR -detected vi

.RNA in the intestines,
immunchistochemistry for viral antigens was negative.
This discrepancy is consistent with the findings of
Uiprasertkul and colleagues,® although the reason is still

In-situ  hybridisation and immunohistochernistry
detected viral séquences and antigens in lymphocytes in
the lymph nodes, and-fetal macrophages in the placenta.
Circulating mononuclear cells in the fetus and
macrophages in the liver were found to harbour viral

sequences. Previous inwitro experiments have shown -

infection of mmacrophages by HSNL™ and ex-vive
experiments have- shown that the virus attaches to
alveolat macrophages in human lung tissue ® In addition
to viraemia, infected immune cells could also cary the
virus to extrapulmonary organs, which has been thought
to participate in the pathogenesis of SARS.®

The vitus localised ‘to type. I pneumocytes in the
‘respiratory . fract;. which has also been teported

previously.”»* However, with double [abelling, we found
viral sequences' and antigens in beth ciliated and
non-ciliated epithelial cells of the trachea (figure 1C),
contrasting with previous in-vive and ex-vivo studies>™
In cultures of human tracheobronchial epithelial cells,
HSN1? influenza viruses have been reported to infect
mainly cliated cells, which express mainly avian
influenza virus receptors (a-2,3-linked sialic acids),

" although a limited number of non-ciliated cells {<20% of

all infected cells) have also been reported to be infected.”
Some studies have detected only hurnan influenza vimus
receptors {o-2,6-linked sialic acids) on non-dliated celis,”
whereas others also have found avian influenza virus
receptors in these cells, albeit to a lesser extent*
Changes iIn  receptorbinding  properties  of
AjAnhuif1/2005 and Affiangxif1/2005 viruses could, in
theory. also account for the infection of non-dliated cells.
However, preliminary tests have not revealed any
substantial changes in the receptor-binding sites of either
virus, compared with previous H5N1 isolates.”

Notably, only a few scattered epithelial cells in the lungs -

were found to harbour the virus, contrasting with the
severe and widespread histopathological changes in the
lungs, Since this contrast was unexpected, lung tissue
was sampled and analysed extensively, but the number of
cells with viral localisation was consistently low in both
patients. With the technique’s very high detection
sensitivity {close to 100%}), the percentages of positive
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epithelial celis recorded in this study could be reasonable
estimates of HSNi-infected cells. In view of the low
number of infected cells in patient 1 and the absence of
cells with positive signals after in-sitwhybridisation in
patient 2, direct viral injury to the epithelial cells of the
respiratory tract is, in-our view, unlikely to cause such
severe pathological changes. The lack of histopathologiral
changes in the brain, despite our findings indicating
active viral replication in the region, also suggests that

viral replication might not be specifically pathogenic.

Recent in-vitro and in-vivo studies have indicated that
hyperinduction of cytokines and chemokines could fake
part in the pathogenesis of HSN1 influgnza 52472
Despite the high number of infected cells in the fetal
respiratory system, we saw no evidence of severe damage
to the fetal hings, which greatly- contrasts. with the
extensive damage found in the adult lungs. The absence
of severe pulmonary damage (ie, high numbers of
infected celis) in the fetus probably indicated an

Iimmunoclogical naive status, which would be expected to

result in low' concentrations of the cytokines. or
chemokines to which the fetal lung tissues were exposed,
and thus redice or eliminate their induction. of tissue
damage, This theory is supported by In-vitro experiments™
showing. that H5Nlinfected' neonatal macrephages
express much lower amounts of chemokines than
H5Nl-infected adult macrophages.

Although. the intraceéllular distribution pattern of

immunchistochemical . -signals. - conformed..-.to- -our .

expectations, it did not for signals from in-situ
hybridisation. Probes hybridised. mainly in the nuclei of
pneumocytes and in the cytoplasm of other organs. In
mice infected with HSN1 influenza virus, nudeoprotein
sense and antisense probes have also hybridised mainly
in the cytoplasm of infected cells, although the reason for
this finding is unclear®

RNA analysis with RT-PCR and NASBA assays showed
that H5-specific RNA was present in all tissues examined
apart from the lymph nodes of patient 2, for which only
NASBA showed positive result. This result could be due
to the higher sensitivity of NASBA than that of RT-PCR.
In fact, RT-PCR needed reamplification of the PCR
products on the pamffinembedded samples, which
indicated a lower detecting sensitivity than NASBA.

RT-PCR and NASBA results were generally
consistent with those of in-situ hybrdisation and
immunchistochemistry. However, viral RNA was also
seen in viscera and some regions of the brain that
showed negative results for both in-situ hybridisation
and immunohistochemistry. A similar discrepancy has
also been reported in 3 SARS study' which was
attributed either to very low copy nurnbers of RNA and
protein in these organs that might not be detectable or
to false-positive RT-PCR results. False-positive results
might be caused by the presence of virus in blood
perfusing the organs without actual viral replication in
the tissue parenchyma.® Detection of positive-stranded
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RNA, in the hung, heart, intestines, placenta, brain, and -
trachea In our study could imply that viral replication
occurs in these organs, The absence of corresponding
negative-stranded RNA in the lung and hedrt could be
due to a Jower detecting sensitivity of RI-PCR for
negative strands than for positive sirands.

This study has shown the capacity for human vertical
transmission of the HSN1 virus. Transplacental
transmission of the H5N1 virus wamants careful
investigation, since -maternal infections with common
human influenza virus are generally thought not to affect
the fetus.* A sero-epidemiological study showed no

evidence of transplacentsl transmission in pregnant -

women with human influenza infection.” Our placenta
autopsy showed viral genomic sequences in
cytotrophoblasts and resident macophages; furthermore,
the virus infected the fetus. Viraemia has been reported
in avian influenza virus infections,* which is by contrast
with the rare occurrence of virzemia in human influenza

- virus infections.® ‘Therefore, the likelihood of virus
* reaching the uterus and placenta is pmbably lugher in

avian influenza than in human influenza: -

The vertical transiission route of avian influenza virus
could be similar to that of human cytoraegalovirus, which
also targets cytotrophoblasts and Hofbauer cells.”® Two
possible routes of transplacental transmission have been
suggested:® transcytosis across syncytiotrophoblasts to
cytotrophoblasts in chodonic villi,. or. via infection of
invasive cytotrophoblasts in the uterine wall {which could
be infected after contact with maternal blood). These
infected cells subsequently fransmit the virus to the
anchoring chorionic villi and could then be transmitted
to Hofbauer cells that enter the fetal circulation. The
presence of viral sequences and antigens in
cytotrophoblasts, Hofbauer .cells, and circulating fetal
monenuclear cells supports this theory. )

We detected viral sequences in cytotrophoblasts of
chorionic villi but not in syncytotrophoblasts.
Differences in virus receptor expression could explain
why cytotrophoblasts are susceptible to avian influenza
virus infections but not human influenza virus
infections. Both
cytotrophoblasts have been found to lack a-2,6-linked
sialic’ acids,® but whether the placenta expresses
a-2,3-linked sialic acids is unknown. The relative number
of infected cells in the fetal lungs, as detected by in-situ
hybridisation and  immunchistochemistry, was
substantially higher than in the two adults, which could
be explained by the dominance of avian-influenza-virus
receptors over human-influenza-virus receptors in
the bronchial and alveolar epithelia during the pseudo-
glandular stage of lung histogenesis (up to the
20th gestational week).* .

Despite the long duration of the disease and antiviral
treatment in patient 2, viral sequences and antigens were
detected in the post-mortem tissues. This finding is
different from a previous study.” The delayed clearance of
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syncytiotrophoblasts and .

malanugensandsequencescmﬂdbeduemme
immunosuppressive effectof the high-dose corticosteroids
with which the patient had been treated for a long period
before death. Since viral cultures were not done on
post-mortem tissues, whether the detection of antigens
and sequences indicates active viral replication is unclear.
Positive results with in-situ hybridisation and RT-PCR
have been reported in patients with SARS who died Jate in
the course of disease < However, these positive RI-PCR
results have been ascribed to the presence of small
amounts of residual genome. rather than to active viral

replication.™

We have shown that the H5N1 virus spmds beyond the -

lungs, infecting both ciliated and non-ciliated epithelial
cells of the trachea, the placenta, T lymphocytes in lymph
nodes, and cerebral newrons. We also report evidence of
transplacental transmission, resulting in infection of fetal
organs: These newly obtained data are important in the

dinical, pathological, and epidemiological investgation of -

human HS5N1 infection, and have implications for
public-health and heallh-ca:e prov:das.

Contributors :
]G initiated, designed, and coord d the study, analysed the results,
and took part in the writing of the manuscript. X took part i the
autopsics, tissue collection, and routine pathology. ZhG was

responsiblc for the clinical manapement and clinical data analysis. JLiu

took part in the probe-design molecular biology, viral test, and the
writing of the manuscript, [Y did the immunohistochemistry and
in-situ hybridisation. CK took part in the study design, resultand
htentuxeamlysls anid writlng of the manuscnpf. l:l'l'._.gqupan inthe
RT-PCR 'and WASBA, result analysis, and writing of the manuscript.
Jiu did the RF-PCR and NASEA, ZiG took part in the autopsies, tissue
collection, routine pathology, and clinical data analysis. BZ did the
molecular pathology.in-site hybridisation, and probe design. MAM
took part in the routine pathology. elinical data analysis, and writing of
the manusaript. ML took part id the autopsies, tissue collection, and
youtine pathology. VMA did the fetoplacental pathology and molecular
pathology. EG took part in routine pathology and tissue processing.
ACHY designed and coordinated the RT-PCR and NASBA study,
analysed the results, and took part in the writing of the manuscript.
‘WI1Lhzd overalt responsibility for the study design, and took part in the
writing of the manuscript.

Conflict of intefest statement
We declare that we have no conflict of interest.

Adnowledgments

‘We thank Hongquan Shae and Ning Li for their assistance with the
autopsies; Lu Yao, Ruishu Deng, and Ruigi Xue for their assistance in
the experiments; and Ting Zhang for helping with the photos. This
study is supported partly by the Lifu Educational Foundatien, National
Basic Research Program {573) of Chinz (grant no 2005CB523003),
National Natural Science Foundation of China (grant no 30599431), and
awards from the National Institute of Allergy and Infectious Diseases,
Wational Jnstitates of Health, CK is supported by grants fom the Prins
Bernhard Cultuurfonds {Wassink-Hesp Fonds and Kuitse Fonds), the
Hetherlands.

References

1 WHO. Camulative number of confirned human cases of avian
influenza AJ{H5N1) reported to WHO, http:/feww.whoint/csr}
diseasefavian_influenzafcountry/cases_table_2007_03_01/enf
indexhtm! (zccessed March 1, 2007).

2 Ungehusak K, Auewarakul P, Dowell SF, etal Probable
Pperson-t0-person transmission of avian influenza A [HSN1).
N Engl ] Med 2005; 352 333-40.
Norroile D. Human transmission but no pandernic ia Indonesia.
Scignee 2006; 312; 1855,

www.thelancet.com Vol 370 Septernbrer 29, 2067

C




Articles

4  Horimoo'T, Kawaoka Y. Pandemic threat posed by avian mfluenza
Aviruses. dinMiaobiolRwZOﬂ‘l:H: 129—49

$ Up Ucul MP, P thana K, P.etal InBuenza A
HSNL zeplication sites in hurnans, Emerg Infect Dis 2005; 112
1036-4L

6 Dejong MD, Van Cam B, Qui PT, et al, Fatal avian influenza A
(HS5N1} in 2 child presenting witk diarrhea followed by coma.

N Engl } Med 2005; 35%: 636-9L

7 To XF, Chan PXS, Chan KF, et al Pathology of fatal human
infection asgodated with avian influenza A HSN1 virus. | Med Vind
2001; 63; 242--45,

8  Peiris JSM, Yu WC, Leung CW, etal. Re- gence of fatal |
influenza A subtype H5N1 disease. Lancet 2004; 363: 6T/-19.

9  Chotpiayasunondh T, Ungchuszk X, Hanshaowerakul W, et al.
Human discase from influenzz A (HSN1), Thailand. .
Energ infect Dis 2004; 11: 201-09.

10 ShuY, Yu H, Li D, Lethal avian influenza A (HSNT) infection in 2
pregnant worman in Anhui Provinee, China. N Engl J Med 2006;
354: 1421-22.

11 Schoclof Basic Medical Sciences, Unlversity. HA sequence
of the virus isolated from ease 2 (Affiangxif1f2008 viry), http:fy
www.chinapathology.org/lancet/supplement ence.doc
(accessed Aug 29, 2007).

12 Chen H, Smith GJ, i KS, et al. Establishment of multiple
sublinezges of HISN1 influenza virus in Asia: implications for
pandcmic control. Proc Noil Acad Sci USA 2006; 103: 2845-50,

13 LiL Gu],5hiX, etal Biosafety level 3 laboratory for autopsies of
patients with severe acute respiratory syndrome: principles, :
praciices, and Prospects. Clin Infecz Dis 2005; 41: 815-21,

14 LinY, Shen X, Yang RF, ¢t al. Identification of an epitope of
SARS-coronavirus nuclcocapsid protein, Celf Res 2003; 13: 141-45.

15 Gu ], Forte M, Hance H, et al. Microwave Rxation, antigen retrieval,
and accelerated immunocptochemistry. Call Vision 1994; 1: 7672

16  Brown LM, Lacey HA, Baker PN, ct al. Ecadherin in the
assessment of aberrant placental cytotrophoblast turnoverin
pregnancies complicated by pre-aclampsia. Histochem Cell Biol
2005; 124: 499-506,

17 School of Basic Medical Sciences, Peking Uiniversity. Sources,
dilutions, and incubation times of primary antibody used in
immunchistochemistry, http:/ fwerw.chinapathology.orgflancet/
suppl2__antibodies_(new).doc [acmssed Aug 29,2007).

18 L}, Xiao H, Lei F, etal. Highly p s HSNL infl
infection in migratory birds, Seicnce 2005; 309: 1206,

19  Zhang QL, Ding YQ, Hou JL, et al. Detection of severe acute
respiratory syndrome {SARS}-associated corenavirus RNA in
autopsy tissues with in situ hybridization.

Di Yi fun Yi Da Xue Xue Bap 2003; 23: 112527

20 Gu}, Gong E, Zhang B, et 2l, Multiple organ infection and the
pathogenesis of SARS. § Exp Med 2005; 202: 415~14.

21 Yuep KY, Chan PK, Priris M, et al, Clinical features and rapid viral
diagnosis of human disease associated with avian influenza A
HSN1 virus, Lancet 1998; 351z 467-71

22 Yue C, Genersch £. RT-PCR analysis of deformed wing virus in
honeybees (Apis mellifera) and mites {Varroa destructor), | Gen Virol
2005; B6: 341924,

23 laulT, Banks}, Aheme R, ¢t al. Nudleic acid sequence-based
amplification methods to detect avian influenza vinas,

Biocheam Biophys Res Commun 2004; 313: 33642,

24 Park CH, Ishinaka M, Takada A, et al. The invasion routes of

neurovirulent AfHong Kong/483/97 (H5N1) influenza virus into the
~central nervous system afier respiratory infection in mice.
Arch Virol 2002; 147: 1425-36.

¥

www.thelarcet.com Vol 370 September 29, 2007

25

26

29

i

32

33

£

16

7

Chufinimitiod S, Bt kosol P, Sri m §, etal HSN1
influenaa A virus and infected human plasma. Emeg Infect Dis
2006; 12- 104143,
Takahashi T, Suzukd ¥, Nishinaka D, etal Duck and buman
pandemic influenza A viruses retain silidase activity underlow pH
conditions. J Bischem 2001; 130: 279-83,
Zhou ], Law HKW, Cheung CY, et al. Differential expression of
and their receptors in 2dult and neonatal macrophages
infucted with human or avian influenza vinuses, § Infect Dis 2006;
194: 6370,
Cheung CY, Poon LLM, Lau AS, etal. Induction of proinflammat
cytokines in human mxcmpb:gs by influenza A (HSNL mes:m:y
med for the ¢ I severity of human disease? Lancet 2002;
360: 123132
Van Rid D, Munster V[, de Wit E, et al. H5N1 virus attachment to
Lower respiratory tract. Science 2006; 312: 399.
Shinya K, Ebina M, Yamada S, et al. Avian fiw: influenza virus
receptors izt the human aivway. Nature 2006; 440: 435-36,
Thompsori Cl, Barclay WS, Zambon MC, et al. Infection of human
airway epithelium by human and avian strains of influenza a vitus,
] Virol 2006; 80: B0G0-68.
Matrosovich MM, Matrosovich TY, Gray T, et al, Human and avian
influenza viruses target different celf fypes in cultures of Burnan
alrway epithelinm. Proc Nad Acad Sci U S A 2004; 101: 4620-24.
‘Zhang 1, Bukxeyev A, Thompson Cl, et 4l infection of diliated cells
by huttan parsinfluenza virng type 3 in an in vitro medel of human
airway epithelium, J Virol 2005; 79: 1113-24.
de Jong MD, Simmons CP, Thanh TT, etal. Fatal outcome of
‘human fnfluenza A (H5N1} is assocated with high viral load and
inemia. Nat Med 2006; 12: 1203-07
Nichalls JM, Butany . Poon LL, et al. Time course and cellular
lecalization of SARS-CoV nudeoprotein and RNA in lungs from
fatal cases of SARS. PLoS Med 2006; 3: €27
Ramphal R, Donmelly WH, Small PA. Fatal influeriral ppeimonia
in pregnancy: Fajlure to demonstrate ransplacental transrnission of
influenza virus, Ant | Obstet Gymecol 1980; 138; 34748,
lrving WL, James DK, Stephenson T, ¢t al, Influenza virus infection
in the second and third trimesters of pregnancy: 2 elinical and .
sezoepidemiological study. BJOG 2000; 107: 1287-89.
Mori I, Nagafuji H, Matsumoto K, et al. Use of the polymerase
chain reaction for d ion of influenza virus dissermination

" im children. Clin Infect Dis 1997; 24: 73637

39

41

42

Fisher S, Genbacev O, Maidji E, et al. Human cytomegalovirus
infection of placental cytotrophoblasts in vire and in utero:
implications for transmission and pathogenesis, ] Virol 2000; 74:
6808-20.

Kautko ¥, Yarnamoto H, Colley K, ¢t al. Expression of Gal beta
14GIcNAC alpha 2,6-sizlyltransferase and alpha 2,6-Hinked
staloglycoconjugates in normal human and rat tissues.

J Histochem Cydochem 1995; 43: 945-54.

Cema A, Janega P, Martanovic P, etal. Changes in sialic acid
expression in the lung during intranterine developrnent of the
human fetus. Acta Histochem 2002; 104: 31942,

Farcas GA, Poutanen SM, Mazzrulli T, et zl. Fatal severe acute
respinatory syndrome is associated with multiorgan involvement by
coronaviras. J Infoct Dis T005; 191 19397

425




426



LZ¥

VR EE O I & 93 &

B - .
O EXR HREs HERSEF O

No. 34

: g BER E—HATE | FERRBORS
MBS BEENK| b Rago

B ER

— AR BT HER AR M ER B R IR Hamano M, Lim CK, Takagi H, 2RE
Sawabe K, Kuwayama M, Kishi N,

IR O, | RAREOARER el W] Sl
e g ] ) act. ug; 19747,

PRFEA (RFRE) SR ER-LRT B ) ( B AR5 Epub 2007 Jan 12. A%

MR AR R M ER-LRT A #7) ( B &R4-24) :

OILBBDBEL /BB A ERETANAORH

20044E11 B 62005828 12mi7 T, B ADETIC{UE T38RO £ A ///:bafbm?ﬁiﬁﬁ%zsjﬁﬁsﬁmw_o B AT
ANV A(JEV) gMF % 7 F— R DNgGEER S RIE 1% (ELISA) | 75— PR (PRNT) 217072, 1784 (68%) 23JEV
S FIFL AR S o7, SRR (KIT 2 TlgG-ELISARBES o7, VR IRIXIgMbIBIEE 7, ZORE BRI, BLET0%D
B A=A O BEEVHL KR Tho o2 L8R, B4 VU N2 OMIEIm 38WT B AR A VABRRY A 2 VB 5L T
WA AREMERIETILD THD,

ERELDEERERRR-
T DS WINF

AR IR MERIREAE B 7R )
MRS AR R BRI BT B AR
fRE R MER-LRT B 77 :
PR AR R L BR-LRT B %)

MR BT AR,
e, R s
vCIDEDEEDIARS

BEEXOER RO

EEBOEEAL /DS, BLELT0%N B AMETANVAR | S BLERORECEDD,
RIEME T Y BEA /T B IOHIRITI VT B AR AV
ARRY A2 NVATBE B L T A TR BIRE SN LOBETH
Do

S

MedDRA/J Ver.10.0J




JRC2007T-061

Epidemiol. Infect. (2007), 135, $74-877. © 2007 Cambridge University Press

doi:10.1017/5095026880600771¢ Printed in the United Kingdom - '

SHORT REPORT

Detection of antibodies to Japanese encephalitis virus in the wild
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SUMMARY

Serum specimens were collected from 25 wild boars in Hiroshima prefecture located in the
western region of Japan from November 2004 to February 2005. The sera were tested for
antibodies to Japanese encephalitis virus (JEV) by IgM capture and IgG enzyme-linked
immunosorbent assays (ELISA), and plaque reduction neutralization test. Seventeen samples
(68 %) were positive for neutralizing antibody to JEV. All the neutralizing antibody-positive
samples were positive for IgG-ELISA. One was also positive for IgM. The results indicate
that approximately 70 % of the wild boars were positive for anti-JEV antibody, and raises the
possibility that wild boars may play a role in the infectious cycle of JEV-in this region.

Japanese encephalitis virus (JEV) is an arbovirus, and
a member of the genus Flavivirus, family Flaviviridae.
JEV was first isolated in 1935 in Tokyo, Japan, from
the human brain of a {atal Japanese encephalitis (JE)
case. JEV is transmitted by Culex mosquitoes in
an epizoonotic cycle [1-3], and is a serious cause of
human morbidity and mortality in Asia.

JEV is also a veterinary problem, especially for
horses. Many species of animals, such as pigs, horses,
dogs, chickens, ducks, and reptiles, are infected in
the wild. Pigs are the major amplifying hosts of JEV,
although infection usually does not induce clinical
symptoms. Pigs and birds develop high-titre viraemia
which provides an excellent source of infection for
mosquitoes. In parts of Asta, pigs are an important

* Author for correspondence: I. Kurane M.D., Department of
Virology |, National Institute of Infectious Diseases, 1-23-1
Toyama, Shinjuku-ku, Tokyo 162-8640, Japan.

(Email: kurane@nih.go jp}
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source of viral amplification and significantly enhance
human exposure and infection [3].

In recent years, the numbers of JEV-infected pigs
and the households that breed pigs have decreased

[4]. However, in 2000, the JE genome was detected in

cerebrospinal fluid specimens from four patients with
aseptic meningitis in Hiroshima prefecture, Japan {5].
Moreover, three JE cases occurred in 2002 for the first
time in 12 years [6]. Pig farms are usually located far
away from residential areas. It is, thus, possible that
animals other than domestic pigs are playing a role as
an amplifier and reservoir for JEV. We suspected that
wild boars might play a role as an amplifier for
transmission of JEV to humans. From 2004 to 2005,
serum samples were collected from the wild boars in
Hiroshima prefecture and analysed for anti-JEV [gM
and IgG antibodies.

JEV (JEV/swf/Hiroshima/25/2002 strain, NCBI.

accession no. AB231621) which was isolated from a



JEV antibodies in the wild boars 975

Table 1. Serum samples used in the study and results of antibody assays

Body
Sample weight PRNT50 IgG-ELISA IgM-ELISA
no. Date Sex (kg) titre (Index} {Index)
22 22 Dec. 2004 M 80 2560 -+(1-34) —(0-80)
24 19 Jan. 2005 F 24 . 2560 +(1-88) —(0-70)
35 6 Feb. 2005 F 65 160 +(1-21) +(1-33)
33 4 Feb. 2005 M 25 160 +(1-07) —(0-87)
16 2 Jan. 2005 M 95 160 +(2-66) —(0-51}
21 21 Dec. 2004 M 30 40 +(1-47) —(072)
10 17 Dec. 2004 M 40 40 +(3-35) *—(0-53)
17 : 8 Jan. 2005 M 90 40 ' +(2-78) —(0-68)
1 20 Nov. 2004 F 60 10 +(2-21) —(0-55)
8 8 Dec. 2004 M 32 10 +(1-70) —(0-47)
2 21 Nov. 2004 M 10 10 +(2-43) —{0-62)
18 9 Jan. 2005 M 95 10 +{1-68) - —(0-46)
29 24 Jan. 2005 M 70 10 +(1-39) —(0-69)
3 30 Nov. 2004 M 70 i0 +(1-93) —(0-47)
19 10 Jan. 2005 F 55 10 +(1-90) —(0-43)
34 5 Feb. 2005 M 70 10 +(1-08) —{0-76)
28 22 Jan. 2005 M 65 10 +(1-52) —(0-61)
"6 19 Nov. 2004 M 40 <0 —(0-35) —(0-56)
7 ' 8 Dec. 2004 F 30 <10 =(0-5T) —(0-74)
9 9 Dec. 2004 F 40 <10 —{0-38) —(0:37)
11 17 Dec. 2004 M 100 <]0 +(2-65) - —(074)
14 26 Dec. 2004 M 20 <10 —(0-40) —(0-45)
31 19 Jan. 2005 F 26 <10 —(0-57) - {0-74}
30 25 Jan. 2005 F 70 <10 +(1-07) —{(0-79)
39 8 Feb. 2005 M 27 <10 —(0-38) —(0-79)

Total number is 25 (#=25). + and — indicate positive and negative, respectively. The tested samples were determined to be

IgG- or [gM-positive when index values were higher than 1-0.

pig in Hiroshima prefecture in 2002 was used in the
present study. Vero cells (9013 cell; purchased from
Japanese Science Research Resources Bank) were
maintained in Eagle’s Minimum Essential Medium
(EMEM) supplemented with 10% foetal bovine
serum (FBS, ICN Biomedicals Inc, OH, USA),
penicillin & streptomycin (P&S, Gibeo, NY, USA)
and non-essential amino acids (NEAA, Gibco, NY,
USA)in 5% CO; at 37 °C.

Wild boars (Sus leucomystax) were hunted by the
members of the Hiroshima hunting club in Hiroshima
prefecture from 20 November 2004 to 8 February
2005 (Table 1). The areas were located in the north-
east of Hiroshima prefecture. Blood specimens were
collected from the heart of hunied wild boars after
death, and sent to the Laboratory of Vector-borne
Viruses, Department of Virology 1, National Institute
of Infectious Diseases, Tokyo, as soon as possible
under refrigeration. These wild boars appeared in good
health. The sera were separated and kept at —-20°C
until use.

IgM-capture ELISA was performed as previously
reported [7, 8]. Briefly, sera were diluted at 1:100 with
phosphate buffered saline [PBS(-), Sigma-Aldrich,
MO, USA] including 0-1% BSA and 0-05% Tween-
20.. Diluted serim samples were added to 96-weli
plates coated with anti-porcine IgM antibody (¢~chain
specific, Serotec, UK} and incubated at 37°C for
60 min. The plates were washed with PBS(=) including
0-05% Tween-20 (TPBS) six times. After washing,
JEV antigen (JaGAr01 strain) was added to each well
and reacted at room femperature for 2 h. The plate
was washed with TPBS six times and reacted with
1:500 diluted . horseradish peroxidase-conjugated,
flavivirus-cross-reactive mAb, D1-4G2-4-15 (4G2) [8]
at 37°C for 60 min. The plates were washed with
TPBS six times. Tetramethylbenzidine (TMB; Moss
Inc,, CA, USA) was added and incubated in the
dark at room temperature for 10 min. Stop solution
(I v HzSO,) was added and optical density (OD)
(450 nom) was measured by an ELISA reader, ELX-
800 (Bio-Tec Instruments Inc., VT, USA).
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IgG-ELISA was performed as follows. Ninety-'

six-well ELISA plates (Nunc, C8 Polysorp Nunc
immuno module, Roskilde, Denmark) were coated

with inactivated and purified JEV. (Beijing-1 strain) .

antigen in PBS(-). Serum samples diluted at 1:100
were added and reacted at room temperature for
90 min. Plates were washed with TPBS six times and
reacted with 1:10000 diluted, horseradish peroxidase-
conjugated anti-pig IgG antibody (Bethyl, TX, USA)
in PBS(-) at room temperature for 60 min. The
plates were washed with TPBS six times. TMB was
added and plates were incubated in the dark at room
temperature for 10 min. Stop solution was added and
the OD (450 nm) was read by an ELISA reader ELX-
800. The index value was calculated by the formula:
average OD value of tested sample divided by average
OD value of the positive control pig serum. This
positive control pig serum demonstrated OD values
marginally higher than the average OD +3 s.p.
obtained using JE antibody-negative porcine sera in
IgM-ELISA and IgG-ELISA. When the index value
was higher than 1-0, the tested sample was determined

" to be antibody positive.

Piaque reduction neutralization test (PRNT) was
performed as follows. Briefly, Vero cefl monolayer
was prepared in EMEM supplemented with 10% FBS,
P&S and NEAA on the six-well plates {Corning, NY,
USA). The serum samples were four-fold serially
diluted from 1:10 to 1:2560 and mixed with same
volume of diluted JEV at 37 °C for 90 min. After in-
cubation, the mixtures were inoculated onto Vero cell
monolayer. Aiter the plates were incubated at 35 °C
for 60 min, EMEM containing 2% FBS and 1%
methyl cellulose (Wako, Japan) was overlaid in the
wells. The plates were incubated at 35 °C in 5% CO;
for 4 days. Cells.were fixed with 3-7% formaldehyde
{(Wako, Japan), stained with Methylene Blue tetra-
hydrate solution and plaque numbers were counted as
previously described [9]. The reduction percent at
each serum dilution was calculated. Neutralizing
antibody titre indicates the highest dilution- which
demonstrated more than 50 % of the reduction.

-. Of 25 serum samples from wild boars, 17 samples
were positive for JEV-specific neutralizing antibody;
the titres ranging from 20 to >2560 (Table 1). These
17 samples were also determined to be positive by
[gG-ELISA. Two samples were neutralizing Ab-
negative and [gG-ELISA-positive. We considered the
serum samples positive for both neutralizing Ab
and IgG-ELISA Ab as posilive.. According to this
criterion, 68 % of the wild boars were positive for JEV
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antibody. Only one sample (no. 35) was positive for
[gM, suggesting a recent primary infection.

The numbers of Japanese encephalitis human cases
have been less than 10 since 1992 in Japan.
Haemagglutination inhibition (HI) antibody to JEV
is positive in over 80% of sentinel pigs in the western
regions of Japan every year. In 2002, one JE patient
was reported in Hiroshima city [3, 10]. Concerning
the environment of the patient’s residence, there are
paddy fields but no pig farms nearby within a 10 km
radius (personal communication from the physician).
Recently, wild boars frequently prowled around
in the residential areas in Hiroshima prefecture.
Twenty-five serum samples collected from wild boars
in Hiroshima prefecture were examined on.IgM, IgG
and neutralizing antibody. Only one sample {(no. 35)
was positive for IgM, IgG and neutralizing antibody.
Virus-specific IgM antibody appears in the serum
during the acute phase after viral infection but is
present only for an average of 3 weeks [11]. Sixteen
samples were positive for IgG-ELISA and neutraliz-
ing antibodies, but negative for IgMl. Two wild boars
(nos. 22 and 24) demonstrated a high level (titre of
2560) of neutralizing antibody, suggesting multiple
infections. It was reported that high levels of viraemia
were detected in pigs on the day after inoculation and
lasted about 4 days [12-14]. In our study, PCR
analysis was performed using sample sera that were
taken in the winter season. JEV is not active in the
winter season. Accordingly, viral RNA was not
detected and it was difficult to detect JEV in the
present study (data not shown). The resuits suggest
that wild boars that scavenge for food around human
residences could be infected with JEV based on the
results of " IgG-ELISA, IgM-ELISA and PRNT
assays.

It is known that pigs (Sus scrofa var. domestica;
Yorkshire and Berkshire) are a reservoir for JEV
[12-16]. Wild boar is a closely related species to the
domestic pig; therefore, it is reasonable to hypoth-
esize that wild boars are also a reservoir for JEV in
addition to pigs. There was a report of seroepidemi-
ology of JEV infection in wild boars (Sus barbatus)
in Singapore. The authors suggested that JEV might
still be transmitted actively in Singapore, although pig
farming had been phased out [17]. In Japan, although
the number of pigs has been maintained at around
10000000 heads since 1993, the number of pig farms
has been greatly reduced to around 20000 farms.
Moreover, the number of wild-caught boars in Japan
has increased from 16354 heads in 1995 to 47629 in
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2000, according to the data from the Ministry of the
Environment, Japan. It is likely that more wild boars
live close to humans in some areas in Japan. This

raises the possibility that wild boars could act-as an

amplifying host, like the domestic pig, and in turn
provide a reservoir for mosquitoes (Culex tritaenio-
rhynchus). Further studies are required to establish

the viral titres in wild boar to assess their ability to-

act as an amplifying host. The present study demon-
strated that the majority of wild boars are positive for
JEV antibodies in Hiroshima prefecture in the west-
ern region of Japan where human JEV cases were
reported in 2002. .
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